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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
biological magnetic field measuring method and 
measuring instrument capable of analyzing a 
magnetic field source by measuring the vertical 
component of the biological magnetic field 
without increasing the number of detecting coils. 

SOLUTION: This biological magnetic field 
measuring instrument is provided with plural 
magnetic flux meters consisting of a quantum 
interference element (SQUID) and detecting the 
biological magnetic field emitted from a living 
body 2, an arithmetic processing means 8 for the 
arithmetic processing of a signal and a display 
means displaying the result of the arithmetic 
processing. At the device measuring the 

distribution of a biological distribution within a shield room 1, the magnetic flux 
meter detects the secular change of a vertical magnetic field component being the 
magnetic field component of a first-direction which is vertical to the face of the 
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living body of the biological magnetic field and an arithmetic processing means 
executes calculation for obtaining the secular change of a value proportional to 
the square root of the square sum of the change rate of the vertical magnetic 
field component in second and third directions crossing with a first direction and 
calculation for obtaining an integrated value in the prescribed period of this 
secular change and displays the integrated value on a display means. Thus, as the 
quantative distribution of the biological magnetic field is displayed through the use 
of a small number of graphics, the disease and abnormality of each person are 
grasped objectively and quantatively. 
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(54) [smog*;] &imm§tmjj&&.zf§:immm-wmw 

(57) [KM] 

«»«5Sa^B,S:«-jB!lU-cflS»»o««fSrwr«6i:-*- 
st^- (SQUID) frbti:D£Lft2A>h?£i-5>±&Mm 

lffllt5»lt»V»T. **fH4. £<£B£J§co£#WE 

"♦IMftMiliL, ttHttS^fttt, Ii^iSXt 
33? 2 ^(S]St>*^ 3 *f6j»cft»t 5fiiI«»fiS;^«>ae-fk^i 

i-z<Dx\ ®au<d&.^ 5E*i$i-ffig 
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[#f*lf#<D$5H] 
QUID) *»bfc5t»R0>«3im«:JH^-c\ lfoE£fcjJ» 

ft £ 2 vjb 3 fimzmn § Mtsm i u 

QUID) ^&4e«tKfft«>ait3Ktt'trffiv^. ME£ff;«> 
ffi©l$WBfb&#*C>5J&2©Xg£ % «iJ|S2<&XS-e» 

3lg3eox*i£. f^3<7)im<7?xmr-w-siuK^fi: 

I 3 ] If l Xli 2 13 IEtt<B£tiEBMfttf-n;&£ 

[if #«4 J 1 XI4 2 ^SE*ro*«t«»jfM*ffi 

J-SH^T, StfiS»3coXgl^V>T. mffE»2 0XgT' 

» 5 Wisttw -kf^nm m T-m& z * 

#5 - £ Sr. ^wltrfSBFf^coffl^-m^v ^flTKKHHt 

QUID) *>t,45a*OB3t[ttS:fvr > UME£{*;4» 
<5*2*i*i&r/»3*(*i»:i*ft5Dft|E»i^r|fijo3a»/a 
SI 3 ©Hi £r*1"5 r £ Sr»»£i-5^fr«#ffa!|^ 

ft, 

5£*tt»*fcU-f«*^Ftf#:j. (SQUID) 



ZW&k-tZ, £#flftftffl-H£B. 

«4fl«»«r*tai-5»T-T»«-? (SQUID) frh 
*9. WE4ff«»oiWE**offiC3iqT**l, »2 

tfjiESii, ?$2jjiin(K)m.mf&&<o2mo<D¥-jjmztkffl 

[if ] if jfcjg 6 Xfi 7 KE«£>£#BS|§St8H3£B 

^^OoffiES^facoHT'O, It, s^ds* 
^•£f?aSfc(i^(7^sr^^Sr*«6-5^S^tT^ 7 r £ £r# 
« £ T 5 £fm.4§ffft|&K. 
[ff 1 0 ] If 6 Xti 7 KEtt<73£#:B£i§ittBJ£E 

s, 

im^mi 1] £#^ffildSpfT&SSrit2fM&Wx, y 

^fraasrMffli-i*^^**^- (squid) a*?,* 

•9, ffiE*flE*a5^.aK*«S#fig^B t (x. y) 
Ui-5**W«JfcWt, BtfEKSfig^B, (x, y) <o 
x JWO 5 y ^fSl-CO^fli^iD 2 f^fQ^^fglrittflJ-f 

3 J i*«?^.fflj^Ett$ix, S(riE4fr*»e)* 
■*-*^fr«»S:*ttJl-5*^gi*^- (SQUID) 

S;tttHi-5a*Wia*«-£, ttJE^l^(S]£ 

^^©mt:^<0 2*fo<o^Sictfc«B|i-5ffls r ^ii> 

^S£ Sr#i-4 - £ Sr»»£-T 5*«ca»waj'sEB. 
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[n**i 4 j *Efc<Di>\-mzmw.&h. mie^ff^&iB 

■tZ>±&MMt:tkliiirZ > m^-Ti£$Ss? (SQUID) 
WK»fi£»Sr*tai-5fi[*«»j(E«-i, ffifEmi^rSlir 

^x-r^^ 2 *ifijxvjg 3 *jsj»::»»7*irirE* i 

[lf**l 5] £*©*ttfcE«3ti.. mJEdfc<£75>b3g 
i-5**»»Sr«ai-t-5*^"T : ^5(|.7. (SQUID) rt» 
Wre^flctt4t«)Mie^f»;09SizSC4Mf|i^ri^ 

^X-r^^2^(6]&o:^3^ffi](c:Mt7^tufSm 1 *r*]0 

^SrBHM; Ltt^t Sr*i-S r i: 

[81**1 6] **«>#HBfcE«*Ji5»T-T»*-¥- 
(SQUID) *»fe45«fco«3Wf«rfflV^T, MIEdfe 

«5»»*^S:»«li-50lOXei:, tt1B£ftitt*03j|tr 
*f6Hw»»t 5fl(rEjg i Jjfa<Dmi§rrfLft(0£ikmfa h *ft 

^^W2^fD<D^ffitrifc0iJ-f-5M$:*ft5^4OT 

[ff**l 7] §f**i 6 «wE*(D£f«K»W-S!l:£j5fc»;: 
, MESS 4 OIgi?»5 lfflEtt«>B$W3fc<fc SrM* 
W»W-e«» LSHHft*** 5 Jg 5 roil <t . ft* 5 <7D 
I^roiST-»5^fE«^fltSr^i-5^4 roxgi: £ 

[11**1 8] ^ro^acffiS^iiSt^Tgi^ 
(SQUID) ^bftSSjRoiBSIHiffl^T, me± 

^Sr*i^b^2orote|S^(7?2^fDro^a$r*«) 

^B#W«»Ci5fct>«^US5^ffi^*«)5i--5^3(OX 
Si. ME«#ffioffi«#*«:£55*i-38[4 0>xSt& 

[ 11**1 9] 8frE£#£®tcWrfcffi£B:£M$l«0 
y¥ffi. WIEdfe«:*ii»:aflI//*iSi4-iB:Sfffiaf05 2 
**iU WE4*»^ffl{rE«$ii, WE^**»e,3Bi- 
3£*tt#Srt*fcB-*-5*?^F#j|hy. (SQUID) *»e> 
it5E£ft«4&0 z B , (x, y) fc&aj 



■r^a^coe^fft. WEz^lSl^B, (x. y) 

B„= { (dB z (x. y) /9x) 2+ (SB, (x. 
y) /a y) 2} 

W5P*«lrikW-t-5ffl[***5ai*«i^ai:, ftlTKffi 

[11** 2 0 ] tne£ft:*ffiK¥^&H£iE£M«<£> 
x. y¥i, ^E^^S»cSii:/ c e^(6j$:j£^j^g o: ) Z 
WtU ffiEdfcflwfl-gBKEB;*;^ StrE^^b^i- 

z>£.ftmm*miii-fz>tt=F&&* (squid) &h 

ft 9, BffE^*5S#(Dz^(6]^B z (x, y) 
1-Zmm<Dmj&i±b, MSzJM^B, (x, y) 

B xy = { (JB, (x. y) / Jx) 2 + (SB, (x, 

y) /a y) 2} 

[if** 2 l ] H**2 0 J'E«cCD^fr^H-^!)^K(z 
[11**2 2] dfeffcrofl-g&KEB^tU iffiiffA^I 

i-s^fraasrtftiiji-s*^**^ (squid) ^ 

9 . ffiE£fm#©ME£*offifc£iB:*8a*fift# 
T. USE^jj^Ifefcfc, 9tfE^^A>t,Jt^$tvfc2o 

[11**2 3] if** 2 2 fcE<fcro£fls«»Wa!|£llK: 
JH^T, BirE^f^tt. WE^<*:ro-£»K^?3Mi-5± 

I!f**2 4] &#<Dtm\z.BiW.£i\* llWE***»e>* 

i"*£*a»«r8saii-5*^F#3s^. (squid) a» 

<b&9, tftE£#^§roiftE£fr<£>E{cfiii/£# i ;frr&] 
»«S»fix»*«Hii-5«»(DajStfi:. MESS 1 

M&ffc&frbM&m i ^rfi] 1 2 fsfaRxm 3 

*(^IW^E9fFE^^?K^rom#^S:**5853|«is^ 
ai, iME^^w-L^iiitoQR s&mtiim-rz&ffflmt 
auE-L^mcD t &co ajm-r 5 HtK^ics* it « stiE^^s 

5£fW8»»S!l8E«. 

[If**2 5] H**2 4{rE^ro±^Sffffll^e»c: 
»V^T, SfJE^^©l±, SnE<DB£|giroQR Stroma 
1"5^W^i:gfrE'C^ll|roTj6roai^i-5^fH»{c»(t 
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[0 0 0 1 j 

X^R^-^r^m^f- (SQU I D superconducting quant 
um interferencedevice) b Z>W&<Dm$i.%\- 

[0 0 0 2] 

W^l- (SQUID: superconducting 
quantum interference dev 
ice) frbt£%^&<DMm\*m\ l ^X¥rm-tZ>$ifcW 

[0 00 3] LTIi, m^y^Tfs-zvtH'^O 

So (B t (I«fSf©Z^ 

#) xi4B r ) wfizpjjii, # 

fc 5 B ,X i4 B r £ fff-M LT V ^ffwtn-flg Ofe* 

<J (x, y) ) 
= (SB, (x. y) /3y) (e x > 

(&'i) i'SH^T, <e,> lixj|6|?)|ii^^ h/U, 
. <e y ) ityJflaKDMfiL^f r-^T'fcSo L/5>L, ^t&: 
©«***S#ft"*-6BH=tt. 2Mfc£#B s 04fttt*jiftB| 

[000 7] (K. Tuka da et 

a l . , R e v e i w of the Scient 

ific Instruments, 66 (10) 50 
8 5-5091 (1995)) T-J4, MtifSwi 
aW«r^r«Yt:i-*fci!>te, (B,Xf4B r ) 

I B„ (x. y, t) | 
=/" { (B, (x. y, t) ) 2+ (B r 
m3<73^J)5iJ» (Y. Y o s h i d a et al.. 
Tenth International Confe 
rence on Biomagneti s m, San 
tana F e , New Mexico, Feb. 20 
(1 9 9 6) ) T"t±, =«r /KOffiiS-t4x-PixiaS!Ufc3 

B„ B y . B z 3r#a6, fe*/*#B l( Rl/2»;5£'<* h/u 



[0004] mmy^tf-sutfftzMi^nmf&ftfr (B 

/u) CD*!*;*, fog, Jjfam*mVr£tiT\<*Z a 
[0005] mi *>fcm&m (H. H o s a k a a n 

d D. Cohen, J. Electrocardio 
1. , 9 (4) x 426-432 (1976) ) T-f4, 

mtfrMzm^-t-zjimk lt, (to x-ti$^i 
ftt^ ^ <j (x% y) ) z&ft r ffl&_k\z$:%}x~mm 

-rZ>Tu—^-y ytf^mZtiXi^Z. tl:j£UTC>VLWX' 

(4, mm ( ) f4 ( ) rtrofe-s-jj*'** 

Sr^U 0i]^it4\ (J) ttjtf^tb/ux'fozzk&m: 
[0 0 0 6] 



(3B, (x, y)/»x) <e y ) 

- (»1) 

B y l4^am»it<7?^^#x^n-5 t,ro© ( (S2) 
i-t£oT, mm t KM^Tfril^fcB.&tf B y =Sr^& 

[0 00 8] 

Cx» y. .t) ) »} ••■ (»2) 

[0009] g4W«gJ|f (K. Tsukada, e 
t. al. , Tenth International 
Conference on Biomagneti 
s m , Santana Fe, New Mexico, 
Feb. 20 (1996)) X(4, ±&mW;<0 2 0©g 
»*S»B,. B,3:«ffiU | B„ I = | B,+ B y | Id 

<j < eaNMtia t b s<5 < t (D 

[0 0 10] ^^l^«Dli^69^S^^OffiSJi^*S:* 
THirL-T, flB&ff}C«t <9ttmLXnz>ffii&m (ME 



G. magnetoencephalogram) . .^flitKc £ K> |t$J L.T.# 
S-iL^Ill (ECG, electrocardiogram) ^fc-S,, ,£xfl; 

t°>-i/i-?,^S^fl;D(body surface potential map). 

[00 11] l5d«St (T. J.Montagu 
. e et a 1 . , Circulation 6 3, N 
o. 5 , pp 1 166-1172 (1981)) T'ti, 

EWT-»^Lfc^S^ia(isointegral map) £, ffcSeffi 
[0 0 12] 

(MCG, Magnetocardiogram) tf&t>1r&l&j SrEft 

i-5. WsmititJi 14. rjB*»p>*i-5«»o 

ffS'Jj Sr*#U rflg^jg^j tt> riHsHttHHKiJ: v) 
%tz.MMM (MEG, Magnetoencephalogram) ti^fo-f 

[ooi3] m&&ffi^miz&f&$tm<D*$mmmmt 

L^L, ®»^£Bi-5 3^/K73^(±x, y^(6]-£-n-€ r 
n(3£.gT-fe -5 fc £>, ffi*ME# B Jt^T 
3^^**5 2«»r*5. *fc. B„ B y , B,«^tro 
hA-friffi-Cti, fe^^B^^OT 

#>., ^tH^^/ui: SQU I D^b^S^^-fev^-OT^ii 
IfADL, MS', .f^&SE^titAOU £fttt»ft8l 

»J Uz < v > i v n o mmiMbo fco 
[0014] £{W*jftft?ftfcLfc*It«*Bf;: J: 



(5) #M^Pl 0-3 0 5 0 1 9 

fc„ Kfc, fr^m-L^ElTtt, ffis^^FalKPi (q v 

ffii-z&mmxnmn&mmzmm&mtit-r. ioro 

«^|glTM4.i>l»rtco«?jf£j!f £ 1 oofi^ jtf— 
•5« Mir, fl;»ft*V#— ^ro{£«*saE<ffc-fr1*fc»$>VjK 

[0 0 15] &*&ffiX*&mt LTV> 

fr»I*«feXVdfeflr«#W-j|!l8aS:»§fei-5 
[0016] *3g^c7?teogS<)i4, #f±S = -i'/K7?iS:SrlS 

»ar«»a a c i icfo So 

[001 7 ] 

ffiT-»4, (1) IffifS^ (SQUID) 

<Dmtm<o 2 ma <o »w jt M-t- s m w mmmt & * 
rom 3 «5ii©ii-e#5a^(ti*ipt5»4«5ii 

t**t5: i^««^*>*). JEf-x (2) fff^jli 

■r- (squid) ±&<Dft-mz§im£n,zm 
m\zwftttmi x m2Xfa<DMmj&tt<omNi : £it£ttm 

W¥*«.xUt«i-5fflo«PlHJ«5ftS:*«>5JB2 0ie 
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izW&tf&Zo £fc_hf2 (l) % (2) O^SriTrS 

(x, y> z) fcSH^T, £**Bn£fitt#*|ftj«:z«i 

[0018] *«W(0^frK»fffJBg|t-ett % (1)4 
^■T**^ (SQUID) ^5>4 9 4#35»e,J6t54(j: 

l*M*flSfc*ttiU ttflCAS^Sa, Il^t^lt 

si? 2 *ifiixt)f« 3 *r6j#c»ft5» i jjfa<Dmm&ft<n 

SriKttl**!), jffc:. (2) n±<0£frflttMf-fll 

Srgff «o JB fel -c«# LflHMl Sr^AsajltSrfT* 

fc, JbE (1) , (2) o»«Sr*i-s*#«»ff«3S 
Ww»^t, «**ikfc, 9 

±iEA<oi»iiBjeftfrBf*^«imi-ea5> uBKHtt* 

I B xy (x. y % t) | = f~ { (B x (x 

+ <B f 

&^-C\ (x, y) J-o^TfiES^PflT-^iK^ I 

B Ky ( x , y , t ) | <D&&m I , ( x % y ) & (ft 
4) l:U:9#*, ftjf % ^^±9*^ (x, y) T-<£> 

I i (x. y) =J | B„ ( X> y, t) 

EHF. fHBS*tfc4t(coffi^Sil/j:ai»ritj>B t (x. 
y. t) («&»/«#) a><b, MBIME^B,, B r *«t*i- 

[0 0 2 5] £#tt»^*»OEfClRT«««A^a. ft 



fDXJiS^fsm^Sr^feSSlSCSrfi 1 ^ 5 r «ft<D}& 

«»<z\ JWffiKaH-ifei* (IS) (sjiff) 
*5»©WB»jBf^prtB-C4>S 0 ftfc, l^^MS^ (x. 
y. z) letter, £#*ffifcSiIfc;frftfcz|ifc u 
H 1 ^fa^r z ^f*h M2jjfa£ xjjfi)^ ^3^[p]§ry^- 
r&ldr-T^o £fc, ffiMlg^ (r. 0, <*>) tCjo^T, * 
**ffiK«il3i*ffiiS:r**t fl^^r^, Jg 
2jjfa%ejffa, *3*r&lS:*;*|6j£-t-5o 
[0019] tMffidl 
ft^fpJSril^ffiS (x v y, z) Ozfi^U ^fr^ffi 
KSRrftffiSr (x, y) 5pffi£1-5B#, 

.^ffitcfia:^ffiji9fig^B z (x, y) £.t£mm 

/£#B^x#Gk y#fiK:;»tt4*fM^fc*ij£i-5 
[0 0 2 0] *«MtcJ:nfJ. JfclMi^B^ B y *W£ 
* (x, y) ^ffi^SKUfc^ffiSiSftiaSr^Sr 

SlM?rWJT#. «*<D«Sfc^>f2tf— /u<0 ( x ^ y ) 

[0021] j^t. **w^»*t5«**a!3a#a (^ft 

[0 0 2 2] mir^Wm^ (SQU I D) 
^«*W-S:ffiv^T, (x, y) tr^^r 

B x (x, y, t) , B y (x, y, t) ^ff$JJ-r5 
(fQL. iE^M^^ (x, y, z) JcSH^£ 

> »»/*#B s Cx, y, t) <tB y (x, y> 
t) 0)2*fP(O5p*tR^e>2ft5c'<^ h/^SSI B 
xy (x, y) I (KT, I hi*6Stffl[S:*foi-) * 
(«3) tci:D*^S 0 
[0 0 2 3] 

> y. t) ) 2 

(x, y. t) ) 2} ... (jS3) 

W^ffili (x, y) ^PICtt^^Sr^ajEa^BiS:* 

[0 0 2 4] 

I d t (ft 4 ) 

»WSftfc«»©«J|k<* Kyu (B r B y ) SrSNFttS 
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<e x > % (e y > Sr-tn-^iXxW^ffij, y$&jyfa(D 

B y 7?^ x ms) izTjki-mm^? <j> 

<J> = -B y <e x > +B S <e y > 

«£\ (ftl) Jcj; DSES^tiSSsic^ h^Sr/Bi^fc 
TD-T^^iJiiT^5 (»l^tt*ft«:H, 
<J> = (5 B,/d y) <e x ) - 

*WBW*>«8Mf6tt, (Si) t (ft 5) t^Jttt^ 
b, (»6) Xt/ (»7) ***S:1-*RriBtt % SP*>, ft 

n s frtzmmvmmi&ft b > t b x s w b y & 

B,==- (5 B 2 /5 x) 
B y =- {dB x /d y) 
Bill, 't«<og»^j:5«» (i«S) <D$£4=* % M 

Ptelt^M^ ( X> y N z) OxylCfl^jfoi 
PS¥ffi«ff. <Q> ttffift-^ h,U < ro ( x ^ y ^ 
z 0 ) > T*S^5ffi«jc#ffii-5«8t^*— yu^^t 
<r (x, y, z) ) teKjfc^S (fll*) 

<B (r) > = { Mo / (4 Ti K 2 ) } 
~K <e z > X <Q) } 

(«8) icJHn:, n 0 ttXffl^a«*, (e,> jizto 

Vligrad= (5/5x, d^dy. 9/5z) «rig 
toU <a> « (ft 9) , ali (ftlO) , Ktt (ft 1 

<a> = < r (x, y % z) > - (r, 
a= I <a> | 

K= a (a + (a) ■ < e z ) ) 
VK= (2 + a-i <a> ■ ( e 2 > ) 

(fts) ^xv^zfLZ) <b> ( r ) (Dmm^mmi^p 
^ 5 Pff*»<»fiK^B ]P R-wB y i, a&Rspffi*-* picas: 
**tt»j*»B E tt, ^n^ti (ti3) , (fti 

B x = (m 0 / (4 7t K 2 ) } 

x [ (Q x (y~y 0 ) -Q y (x 

B y = (4 ttK 2 ) } 

X [ {Q y (y-y 0 ) -Q x ( x 

B z = {^o/ (4 ti K 2 ) } 

x [ (Qx (y-yo) -Q y (x 

mi 3) ^±9*sn5fe«j«^B z ox*f6i 

^»»t*#5>Ht (fti6) Jci9«iD$ix« 0 



s-t+sL-s (x, y ) tc»its«aE^<^ h^m<D5tt; (r 

[0 0 2 6] 



(*5) 

Cohen (197 



Hosaka and D. 
6) ) . 
[0 0 2 7] 

OB z /d x) <e y > ... mi) 

[0 0 2 8] 

- (IS 6) 

- (*7) 

<B (r) > SrffSli-SffSO^offiff^^ h/w^^i- 0 - 

ZZ&m (B ( r ) > ti. S a r v a s CStifilt : P h y 
s. Med. Biol. , Vol. 32, No. 1 . 1 

1 -2 2 (1 9 8 7) ) fcJ:9j£5Stffc$*VC*S9, (ft 
8) £.1:0*91 3*1,-5. 
[0 0 2 9] 
{ <Q> X <a> • <e,> VK 
> - (»8) 

l) - VKli (f 12) ti^^S, I WtH&M 



[0 0 3 0] 

(x„, y 0 , z 0 ) > 

<e z ) 



• (*9) 

• (»1 0) 
(til) 

(#12) 



(a ) + a 

4) . (»i 5) i:J:!)4i?,Ji,5 
[0 0 3 1] 



o) ) (VK) „+ K Q y ] 
o) } (VK) y +KQj 



x 0 ) } (VK) J 
[0 0 3 2] 



(ii3) 

(*1 4) 
(115) 



(y-y 0 ) -Q y (x-x 0 ) } 



( z - z „) 2 + 



1 (x — x 0 

m 1 6 ) 



{-2 (VK) , (VK) ,/K-a-3 (x-x 0 ) 
) ) - (VK) ,Q y ] 
mm\Z, felg^BzWy^TSUcMttS^Ji (ftl [0 0 3 3] 

7) f3J:0*toSii5 o 

3B 2 /3y=- { tf0 / (4^K2) } X [ (Q, (y- yo ) -Q ( x _ x 
) [2 (VK) , (VK) y /K+ a -3 (y-y„) ( z - 2 „) 2 _ [ -, ( y 



) ) + (VK) ,0,] 



») 

- y 0 
:i 7) 



(8) 



mmw- io-305oi9 



(t!6) , (#17) II^V^, 
a = (VK) 2 /K 

^,= -a " 3 (x-x 0 ) ( z - z 0 ) =+ a -i (x - x 0 ) 
^ y =-a- 3 Cy-y 0 ) ( z - z „) 2 + a ( y - y 0 ) 

iS<Bt, (Si 6) . (#1 7) (i-tiX^n (#2 

1) . (#2 2) (- J; !>**>$;h,.5 0 

U</ (4 7T K2) } X 
,-0,} + aKQ y ] 
(V ( 4 7i K 2 ) } 
y -£ y } + a KQJ 

mi 4. 



5 B z /,? x =- 
} {2a (VK) 
d B l /d y =- 
} (2a (VK) 
:i 3) . (#2 l) 



[0 0 3 4] 

f (Q, (y-yo) 
C (Q, <y-y«) 



"Or 



1 ' ) , (#14 
[0 0 3 5] 



o) ) 



+ KQ y •■ 
-aKQ y 



(#2 2) I:*l@fffe5 U 0 / (4rtK=) ) » 
*9MtefcLT£B$:ftts:\,\ mi 3' ) . (#2 

B x = (VK) , [Q, (y-y 0 ) -Q y ( x 
5B/Jx = 

-2a (VK) , {Q x (y-y 0 ) -Q y ( x - x „) 

+ 0* (Qx (y-yo) — Q, (x-x 0 ) } = 
-2 tt B,+ aKQ r +3, (Q, (y-yo) -Q y (x-x 0 ) } •• 
B y = (VK) , {Q y (y-y 0 ) -Q, (x-xo) } + KQ„ •• 
5 B z /d y = 

-2a (VK) y (Q, (y-y 0 ) -Q y ( x - Xo ) } — a KQJ 
+ 0 y {Q x (y- yo ) -Q y (x-x 0 ) } = 
— 2 aB y +aKQ x +/3 y (Q„ (y-y„) 
(#13') t (#2 1') t*»feWfe«»*J:5K. a 
B z /d x<Ojitt2 x ft^^;^B x c7>- 2 aftft^^bVMl 
2o<7?#iD3S^D»b7tM(C^L< . (#14' ) 



•• (#1 8) 
(#19) 
(#2 0) 



( x — x 0 ) 
(#21) 

( x — x 0 ) 
(#2 2) 
(#2 2' 



) 



(#13' ) 



(#2 1 
(#14 



-Q y (x-xo) ) 



(#22* ) 



>=0. 0 5 [m] SC. mWLyjtf— /ME^e— * V h 
<Q> = (Q„ Q v 



t (#2 2' ) t^f,flb^4± 5B 2 /3yro 
ffi(4. g$jU&#B y <75-2 afSIC^LV^{;, 2 O0D# 

[0 0 3 6] ;;f. IH2fw«EB&fiB$r*-rj: p Ic, « 
PS¥ffii»^POf*3§B<0* (r 0 (0. 0, -z„) > , z 
B, (x % 0) 

= (ji 0 / (4 tcK 2 ) } {- (VK) 
d B z (x, 0) /a x = 
{^ 0 / (4 ttK 2 ) } {2a (VK) 

0 3 14, MPS^ffijtftPCOii-CroB, ( (#2 3) ) R 
Zf-dB z /dx ( (#24) ) Sr^^ttWft^MT- 
a«Mfcbfcft#»»3MEj!l,|fcc„ C 2 T-^i-„ 

[0 0 3 8] BP*,. ft^C,l3B s (x, 0) /ma x | 
B, (x, 0) I £\ fft£»C 2 i4 {-3 B 2 (x, 0) /. 
d x} /ma x|iB z (x, 0) /3 x | Sr^fcrf-. 

WBfiX'b«Bgy-f *-;^>*#4t5IJ:©ig,* ( x = 

o) izif-p&ftt,^ totiiiHnznmyj 7fi—/i,tf&& 

-T 5 j£«p XifcfHB/ftjjs fc 5 B#fc **«>{I-S- & tti i»TSg 
fifes r t^LTV>5 0 *fc. ft^C 2 «0P7^ft^c, 
<5» B z (x, 0) /a x = 
U 0 / (4 ttK 2 ) } {2 a (VK) 

115(4, (#13), (#i 6) n^K^com i 



0) , 

tffttE-rzm^z^ b, ( (i 
( (#16) ) ^jts-r-5 0 

0 £ (# 1 3 ) . (#16) 
(#2 4) 
[0 0 3 7] 



Q,= Q y = 5 O [n Am] 
S13) ) t-3B/3 x 
*o= y 0 = y = 0 , Q x = 
KftALT, (#2 3) . 



x Q y x +KQ,) 
x Q y x-aKQ y -0 x Q yX } 



(#2 3) 



•■ (#2 4) 

6) ) fciSaW^HittB, ( (#1 3) ) CiSBS, 

[0 0 3 9] l2l4{^-r«*5i«*ilSC3, C 4 , C 5 I4 
^■n-ftL. -5B Z (x, 0) /SxrofH, JB2 

*3«&5*1-. 04(w^i-S*^C>. S?3*l4fgl 
*SO t «2rl}C*tLTaST-#, -5B Z (x» 0) / 

fc-fr. (#2 4) 14 (#2 4' ) iie(Bt-C#5. 
[0 04 0] 



,x-aKQ y } (#2 4' ) 

» 2 «Sr*»fl;o«fctt:(ft Lfc*i»»»»ft**HSri5%-*- 



(9) 
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EI5»::»V»-C. ft^C 6 (i (B, (x, 0) <D 
/ma x | B, (x, 0) | v IP*,, {- (V 
K) ,Q,x] /ma x | B, ( X> 0) | £2E;b U ft 
SiC 7 fi {-3B 2 (x, 0) /SxCllf) /max 
I dB 2 (x, 0) / J, |, gp*^ {-2a (VK) , 
Q y x} /ma x I 5 B z (x. 0) / 5 x | ££jfc>U 
ft^C 8 (± {B, (x, 0) Wf2f) /ma x | B 
, (x. 0) K gp*,. (KQ,) /ma x | B x (x. 
0) | £3e:bU ffiggC,!* {- d B z ( x> 0) / J x 
<7)®2II} /max | d B z (x, 0) / 3 x | . BP 
{aKQ y } /max | 5 B z (x, 0) /3 x I £ 

[0 04 1] H5te*i-|S**»f,. - JB, (x, 0) 

M (x, 0) OjRl^ m2^<D^X 9 „ 
<0&«£li (fti8) tSliilTV^'a- (VK) , 
-SB, (x, 0) / d x 
= U 0 / (4 7i K 2 ) } {-2 a (VK) 
= 2«B, (x, 0) - {n 0 / (4 7t K) 
BP*,. (ft2 5) <0*2**J»135^»UT/JnS^»-& 
fctt. i£ffil«JK (ft2 6) #&iL-tZ,b*M*Z. 

-3B 2 (x. 0)/Sx = 2aB,(x > 
-AS-ftLT (*2 1* ) fc«HT. -2aB,W©2 
0<7?#*D£g^- 2 a B.IIxflt/hS^i^lClj;, fiffi 
3 B z /d x=- 2 a B, 

*£*-cfc5as. ^iro;tis-aB/jyi:B,« 
teo^-cbdUfcu (t2 2' ) (t 2 

3 B z /3 y =- 2 a B y 
«T, (»2 7) . (»2 8) JJ^-tft*'*!,, B,li- 
<?B Z /<? X> B y te-3 B 2 /3 ylwJ*Wi-5i:{E3tU 
W-»**tfci&IWt4J-B I *»e,*«U«^B 11 , B y £}f" 

/t l r mmm& m & * # 5 # «i & m n t z m m -t z> „ 

[0 0 4 7] 4»©il;il«^ B! (x, y, 
t) *W-SILfc»& % B, (x. y. t) BxJ^B$ 

S (x, y. t) =/" [ (5B, (x, -y. 

+ (3B, ( x> y 
&1^T\ (x, y) l-OlNTffie^Pg-C-fD&JgS 

t (t. x, y) (Dm'M&lz (x, y) (ft 3 4 ) 
i: 1 ?*^ rtff. fl-ffi;: J; 9 (x. y) X'(om-ft\& 

I 2 (x. y) =J | S t (x, y, t) | 

4*, (»4> , -(«3 4) <Dm&mmt lt(±. «*. 

K>35£i-4JB|I8, QS!i>bSi©f4nQR Sig(QRS 
complex) (O^Bg. TS©Mt5MKf M 

fw. (^4) . (Sfe3 4) «o«5j-®iat Lxm&nmft 

%kM£k 9##fc&ft<D*g#ffi<*>Rg-e<73. SMio*3r£tr 



/K^i9jft^snT^5. 
[0 0 4 2] H6»C»V»T. Iil^C, 0 li a = (V 
K) ,/Kfc, flSSftJSCIi- { (ft2 4) <T>%\ 
X M) / { (»2 3) (Omim) > IP*,. 2a (VK) „ 
Q y x/ (VK) I Q y x = 2aSr, Wi*»C u tt- 
{ (ft2 4) ro»2«| / { (ft2 3) <£>Jj|2JS} , gp 
*>. a KQ/KQ y = a ^^^-Ptl^t. HI 6 tC^-f-J; 
a= (VK) ,/K (ft^C l0 ) l±©jft*V 

1°- ^ ,^=Sr^r f — ^ ffili 2 / 
(z-z 0 ) T'fc^io -3B Z (x, 0) /3x©*#J 
14. B, (x> 0) <D±Z£t \?-tM.X"2./ (z- 
z 0 ) /clT*4 5. ( z - z 0 ) (4^^ df— 
-T5gf§£T-;ib3 0 H^«7?^ffS9^t,l4 (z-z 0 ) 4r 
*St5r t«4SHtrfo-5. (ife23) t (§2 4' ) 
k<Ditm>b (iSc2 5) Sr»5. 
[0 0 4 3] 



i Q y x + a KQ y } 
} aQ y 
[0 0 4 4] 



(»2 5) 



0) ... (ft 2 6) 

W»w (ft 2 7) jJJjftSfc-t-StJLtt-fra. 
[0 0 4 5] 

- (ft 2 7) 
8) ^ALi-Sir^M-tr^o 

[0 0 4 6] 

- (ft 2 8) 

**«B, (x. y. t) /ixt, B z ( X> y, t) 
<r>Jjft<Dmtmd B, (x, y, t) / Jyt*^ 

(ft 3 3) 9iC2^(7?^*SS (x. y, 

t) ^*J65„ 

[0 0 4 8] 



. t)/JxP 

. t)/5y) ! ] •■• (ft3 3) 

I z (x. y) /J5|^cfitro.^4-fe^S^ElSr*ftx, 

[0 0 4 9] 

d t ... (ft 3 4) 

LTTj£o*£-f5JBraT 2 *K:j£u («4) tr^o 
T. JWMT.^H-rsa^Hfii,, T , ( x , y ) , l2% 

ti (x, y ) . (ft3 4) icsfoT. mmr z {z§s-r^ 

ra (x, y) , I 2 . is (x. y) Sr-ttt^ 
^Sr*^> «^ttr„ „ ( x> y) tW^ffll,. 
T2 (x. y) toM, XttS^ffilj, „ (x, y) t 
a^ffilj, R ( x . y) trofflt. ^iDSSr^tffn I 

« (x, y) . XI4Ml dif (x. y) . Jtr (x. 



(10) 
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y) fc, (»3 5) - (t3 6) , (63 7) - ®3 
8) , (63 9) - (64 0) l:«ot#«)5o 
I sub ( x . y ) = 

w t x I i, n (x , y) -fw 2 X I l% n ( 

I sun ( X > y ) = 

W 1 X I 2^ Tl (X , y) +W 2 X I 2 % T2 ( 

I dif ( x , y ) = 

w 2 X I i, T2 (x , y ) -w,X I !> n ( 
I dif ( x , y ) 

= w 2 X I 2 , T2 (x, y) -w,X I 2> T1 

r (x. y) = I 1% Tl ( x , y) / I l% 

r (x, y) = I 2x T1 ( x , y) / I 2 , 

(63 5) - (63 6) % (63 7) ~ (63 8) , 

(63 9) - (64 0) tomnomm* «a»:j:5« 

[0 0 5 1 ] *^ti#t)ns^if:j:n«, ' 

*^-T^6^l§i (^^/^) S:fflv^T4ff3l*Sr«Wr1-5 
w^^<, ^Sit^Ittti^H (-e^^) o6 

± *> h\±z>tAz'Pw<om {-^yzf) £/b^t, ^mm 
fc&&frirmMfrbftz&m<Di$m mwn x<dwm% 

[0 0 5 2] #»B'CI4 1 £#<0ffifcM*«»j«£B 
z (x, y, t) SrffMb-C, B x £rB 2 (x, y% t) 
Wx^WjEft^^B, (x, y, t) /9xH, B y 
£B 2 (x, y, t) O^ft^^^d B z (x, y, 
t) /d y^6>«3ebT*ft«^-C, W»i-S#W-WA 

(x, y) ^*iiUTfiFft-T5W*i*S«» (££SB£ 

[0 0 5 3] 

x\K^mmm u, y , z ) b„ B y , b 

£-f-5fi:£M«IS (x, y, z) ^fv^n^) 0 ff-ffilfct 

(r, 0, 0) (I»^*B P B ( , 

|1B Z , B r T-*^^H. 4 
ff<affi|c5pfr*/*# (»i»J«^) 11. B x , B y , B 9 , 



[0 0 5 0] 



y) 



y) 



y) 



(63 5) 



(63 6) 



(63 7) 



(x , y) --(63 8) 

T2 (x, y) ■•• (63 9) 

12 (x, y) - (64 0) 

(x, y, z) «rJHv*TR9H-sas % (r, 
0, d>) «:fliv*3»&»rtt, B t SrB r l£, B x £r B 

B,*rB # ^*jx-enK*»*nrfAv\ 

[0 0 5 4] 07 $ix5**«»H-JH3S 
Sefite, S^F-^lR^- (squid) ^biilftwat 

Jx5 0 tt*#2tt^<5/ K3fc«fcfc9ttiWi-3 (011 
x y Kcoffit^^i 5{rfi:^M 
** (x % z) o tftt2 0M«)i 

**^> SQU I Dt^SQU I Dl:S8ELfcftffl3^ 

[0 0 5 5] SKSHr^^fc^UiAtt, ^tfcl^-Y^^ 
ffiUfc«»34*^it«i-5«£ESrffi^-t-5FLL (Flux 

Locked Loop) lnI8S6^A^$ixSo -©FFLElBli 
SQU I D<7}ffi^£-;£fc>S:o£ 5 SQU I Dt^A^J^ 

[0056] aa^SEii^srttitii-atftttia^ /ut l 

T, ^>T/u®^x^"fp], St>*y^rnl$:fp]l^c 20(75=3^ 

^f^^r^v^fc=^^/^^{gffi■^^ c ztibmm±^ (2 

0-1. 2 0-2, - 20-8, 2 1 - 1, - 21 
-8, 22-1.-, 22-8, 23-2,-, 23- 
8, 24-1, 24-8, 25-1, 25- 



- 2 6-8, 2 7-1, - 27- 

8) <D&sm&m8\z*k-t 0 mm^>^-9^^^^M 

rnrnirU ir >-?-$Cf4 8 X 8 <7} 6 4 ^ * V^yU t lwc Q 

[0 0 5 7] roEW*S»rieoT, SaLfcJKSHr:" 
t(Dl^»i^0 9Mll o^^-r D [D9^aS 

>f"C\ (Nb-Ti8) tl^t/hn^^ 

1 0 t U iaV^c75^^/u^^^$t^^^^5^ 
HH=«>f ^(reference coil) 1 1 t ll A- £Jg 

-<~^^^^4r5 Omm^ Lfc 0 ttdfcft: £ 

9 ifiV e>£CTfc *9 , m h tttftft] =ij ji>RXf 

ft -§-J4 =* >T /UKiSl n -f /U 1 ot'± 9 3£<f££ti 

HI Six, #hb=^/w « 

5 S/NO*i^fHR|3dS-c#S 0 

[0 0 5 8] lftft^/KiSQUIDl2*SISL 
h=>TvufcijMffcU =>fy^*aiLfc*(tt(t»S:SQU 

o' , io M r#5s^/ni' , i r ^io<7)¥ 

^/«2 0mmX2 0mm, — 
^i5 0mmiLfc, = ^ 'MiftlMMWa <h S Q 

UID12', 1 2" 0*36afcKfc*«6U-CV^5 0 4^ 
tt^£f**oSVMcfcSfc-j-5 2aBfc» -*t&xj«»1»ffl 

I^Srff^LTV^o wC0 4^ttfi{g] 8 \Z7jk-f£ 3C71/ 
[0 0 5 9] aa-fe^SrrtBELfc^zL^tt. hid 

-bT^^]5: y$4<hi-5 0 W&±^ (2 0-1, -, 2 
0-8, 2 1-1, -, 21-8, 22-1, 22 
-8, 23-2,-, 2 3-8, 2 4- 1,-, 24- 
8, 25-1,-, 25-8, 26-1.-, 2 6- 
8, 27-1. 27-8) <D&mtmU3 0 t<D& 

•«*SrHl2 (a) , (b) , ( c ) (C^-T 0 
[0 0 6 0] E91 2 (a) , (b) , ( c ) 14, 



(ID ^¥l 0-3 0 5 0 1 9 

ta**bfc«»5ft«S:*UTi^5. Ell 2 (a) l4S»jS; 
»B X , 112 (b) li»*fcfc#B T . 012 (c) ttffi 

*/s#b z , o#*»o«pw mm (omt*. &mm 

f&5$U\zm -§-5SS^ft b^^^-v ^^colfe^ffg <7)ft 

[0 0 6 1 ] g]i3 iz&T&m* %Jtf±« Ktflcot> 

Ttt»Snfc#ft^2^ir^*/WzH+5Sf||Wt» (B 
x ) OWBftJBSrlSil*, ^St**LT^5 0 
^flft^l Lfc Q R S \S$Lt £ NfBWT Q 
R&, XtfSiS<afcS-* Sr#i«B»jjj[feBll 3 

^Sil8S-C*>STS(Otbar4WBll»T 2 t u * 
(tttt) S:#i5«rjSSr t T -e*Ufc A 
Ioo6 2]ai3i:»v^ paiii>Ioll 

(depolarization)) Sr^L, R*g. &LKS&7!p 

QR sSlij»^taiat5*< Wi^ixTfcO , frfi 

^>S^(repolarization)S:^bTV^ 0 J&5M1J4, 14 

[0063] mi 4(a), (b) , (c) J4, 1 0 , 

««B»**HSr5%i-. (HI 4 (a) , (b), (c) 
fi, (S4) CO | B xy (x , y , t) | "e^SiX, 6 4 
«Bf-eH-»StLfc«aij«5>B a , B y «r-&ritbfc2ft5cO 
h/^aMCTltl^o 3L\Z* mi 4 (a) , 

(b) , (c) ^(^^fp^, 6 4fiwo#ao^js-eo« 

5.814 (a), (b). (c) <D&m<Dm&x, fit 
•*ytt«»-fe>f-*SEaSnTV^-BffiaiS:S«i- 0 [Hi4 
(a) Ic^-Ti 3 ^, Q^£Dt°-^B#Tf4, ^IKrtSrflE 
ti^mSS{4^^RiT^T*-fSli3gEti, IU1 4 (b) 
^"TJ:?tc, Rffi<Dt B -^BfT^4, fc*0S^*-e»*T 
*fil^««^**<»tti, El 14 (c) fc^-f J; 5 Jc, 

5 0 r.^«t5*-, 12114 (a) . (b) , ( c ) <Dmm 

[0 o 6 4] [Hi 5 14, ^«tt»^Qjfi^5>s«4t?<D 
QR Stt*Uia+5#|ID»T I fc»v^TtfcaiSlX*:2o 
^SEIME^B^ B. y ^^#fc2^7c-<^ I B^ 

(x, y, t) | (x, y) Co^T, (i^4) 

Oo Ell 5 CO x 14, y$fef4, 4#*aB^E«Sixfc«» 



(12) 
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[0 0 6 5] 01611 S12 (a) , ( b ) , (c) 

T, &JMft&B s «r4t£ (x, y ) te»i*-ctHHU 

(»3 3) l:j:9S ( x , y) QRS j£<ai$m 

WT^ol^T. (S3 4) 0«#fct?4t*mCM#lt 
^^SriBX/*:*a^H-e*>5o ETF\ (Ell 6^5jH2 1 
KSH^T, xttu ytoH 4**B5»cE«Snfc«»-fe 
>f^fiiSi (¥G£f4mT$>5) %mio-r 0 mi 6 fa 

[00 6 6] ill5l^tli<D»^B r B y **6 

fco w^-Stt, (R6) SI/ (t7) , Xtt (§2 
7) (»2 8) **BKOSW^-#-e«tfj«3a:LT 

[0 0 6 7]'il 7I1 Hi 5 Sr*ftfcotHJ— oflt* 
#fc:o^T\ TjS<0»BB»T 2 «c»t<T*ffl$nfc2o 

(x, y) | Sr^S (x, y) tCO^T, (ft4) <£>Qf 

1 7I3»V^, le + 0 0 3!t lOOO^fo 
[0 0 6 8] B18I1 #B«PT 8 ^OV^r<D (ft4) 

(ft 4) <D&fttiLt<om (ft 3 7) S:**3i-tJPKI»HT 
fiP^, 01 8 110 1 7»Z*i-*aj&H^?>Hl 5 

2^** s , QRSJSoSfflffT^HfiV^ Sfc, Hi 
7<7V^ — y(t Bl5l:St/^-yi:BTV^ 0 c 
{21 8te*r*K*Htt*#*5E^<lit4-B 0 

017, mi 8 <D&m<Dm%<Di&&\z*ki,tii&mi*'Z:<D 

[0 0 6 9] ftrfc, ^a«*OA#^i%Kiitt«^H 
-r£/®JP:£r, 119, 020. 021 JC^-To 019 
14, QRSS^fflST^ol^lS^iiat 
#tf>fc^Sf#EL 02OH Tftfl>B*W»T 2 K:ot*T 
, 01 7 in«»wL-C*a!)fc«jta^H, 02lfl 
«FMIIfT,»COV^T<D«»«t (ft4) t, QRS&<7)B# 
HHfTjICOV^TOW^* (»4) t<D^ (»3 5) £ 
**>U Hi 8 tWWWwLT*at))t*KIIH-C*«. IP 
H2 1S, El 2 0 C.Ttf S»i^?>i 1 9 {':,Tt 
*a#B*aL§K*fcHT-S>S. 019, 02O(7)ft^ 



[0070] 019 ^^i-wmwT.-eo^a^Htt, 

0 1 oRUmi 6 iC/Ttf 9^0 t feS 9 I04t 

u^u 02 o\ZTF-tm?£imT 2 T"(nmmftm\*. mi 

i-^^o JEfc, H2 l l^ttMMa^AoC 
£t>^> ^#*SjE^MSrtoHl 8fc*-t-«*#<o*?( 
»Hili*#<Jli!}, -MB6«E*<*>**-Cll HMBHIfT 

[0 0 7 1 ] BUbttWLfcj:?^ ^WoNFW^T^ 
^M#T 2 ^»lt5«»5ft«SrW«^i-5-r5 C t \z± 

ft5o 

[0 0 7 2] H2 2*wtt4*«»W-jBJS«0=i>'tra- 

*-e#S« ftl:H«LfcBl5^e>H2l-ett« 
•a«^[»iwi(ft^fc^5 «fc 5 J-«-ttUwftfltSrA 

ttSr 1X3^7^ **Ltv^5 0 01 3\z 

TF-t £ ? IztifK&m OMBH) s 
# 5 J: 9 i:ftot*5 5 , 

[0073] 023 a#«no^inK»ti-nsBo7 r ^ 

2 3i:»i^ MCGfi«B^ QRS»«»KB 
$:QRS$^4t»lT^L (S3 4) K<fc«?f# 
bixfcIl^fSfiii, TI4a5>l5H*rT«<^«4 
t»T 2 tl (R3 4) fc±9»b;h,fcJ&2*>*JW 
»Ai»H, (T-QRS) iiHMl2^1SM 
i^)i^§M^/Tt 0 02 2, i23 C/Ttr^yu 

3 &jtti v —0:^ LTV ^ 0 

[0 0 7 4] ftjs, (ft4) . (63 4) fcftl^T* 
»*ff*fci"(Kffift*ft^ < tO_I l (x, y) , I 
2 (x, y) Sr*e65r irt-C#S 0 IP^> ^TO (ft 
41)-(t44)^bl,(x, y). I 2 (x, y) 

«r*^r, Mtw, (t3 5) - (84 0) zmmi-z> 0 
&m*b^zmm<Dmmi&& (±ft<nmzw<ite& 

B x (x, y, t) , B y (x, y, t) Sr 
«^(^(4 (fB (, z) icS?V>T^»:^® 

5) , S^5>B x <t B y O2»¥DC0^ffi^5 > 2&tc-< 
^^MlB, y (x, y) I (I I tt*ft»fl(Srato 



(13) 



mmw- io-3 0 5 oi9 



i") £ ($4 1) \Z£*)j£lt>Z> 0 [0 0 7 5] 

I &ry (X , y , t 0 ) | 

=/~ { (B s (x, y, to) ) 2+ (B y (x, y% t 0 ) ) 2} ... (ft4 j) 
&^T% (x, y) fco^Ttt«0«P^-eojS» I (x, y) *W Dtf^jft **«>T, 

B xy (x, Yx t 0 ) loin, (x, y) «: (» i 4 ) #Bft**BFani;:»i*i-s 0 

fc:J:9#«>, rt#;'#Hf»wJ:5*j{!ic (x. y ) ~x?(0 I j [0 0 7 6] 

I i (x. y) = | B xy (x, y . 1 0 ) | - ($4 2) 

3i1*<DmzmWftim&&Bi (x, y. t) ftff«i- ^##>. ($4 3) 

**&KM\ II«M^B Z (x, y, t 0 ) Ox^ (.x, y> t) ft*tf>5 0 

fa<Dg£ft3s<? B z (x,y. to)/5 X< !r, B 2 (x, [0077] 
y. t 0 ) <Ojj$S[<n&itmd B 2 (x, y, to) /0y 

S (x. y x t 0 ) = /~ [ {dB z (x, y> to) / d x) 2 

+ (a B 2 (x, y , t 0 ) /B y ) 2 ] - ($4 3) 
ifcV^ (x, y) fcoV>Ttt*^B*A-C^««S 2 (x, y) Dtt^jftftjB-S*«»H*:*ftT, « 

to (t 0 . x, y) <7){fil 2 ( x% y) ft (»4 4) \Z£ «»Hft*«IBffifc*a%i-6. 
*MfKi5#^ (x, y) T'^II [0 0 7 8] 

I 2 (x , y) = | S t0 (x % y , t 0 ) I d t — (&4 4) 

— >\ IU2 5 (b) ^->i02 4 (b) 
^ — >\ 125 (c) <T>'<9 — m 2 4 (c) <7V<^ 

w^n-enis**— ai-a. l^u 025 (b) 

l±fi^®«-eg!SLT*5 9, H24 (b) OR&Offiffi: 

[0 0 8 2] (212 4 (a), (b), (c) ^^1", Q 

^flSIlT-^^mfixffl^T, ($4 3) v 
($4 4) fc*<5V*T#Afc, R2£ x SiSEO#ffi 

«^mmi-s«Fjfto«fK»«iaft, 026 (a) % 

..(b), (c) {Z?jkir 0 02 6 (a) , (b) , (c) 
fc*-f"tt*^5>, (2)2 4 (a) , (b) . (c) tr^-f 
fe»^B z <0#««»ia^ % ($1) |;1^<7p- 

5 0 02 6 (a) . (b) x (c) <Ds<* — ^fji s 02 
5<a) , (b) % (c) \Z7f1-s<*~-^ B 
x , B y -&^fe»5>ix5B w ^«Ea»j|!Ha) £H*T?*> 
^-^^Ho rcoctte, me) Rl? ($7) , 

Xtt ($2 7) ($2 8) ^HBRo||»7 ? -^-ef5 

[0 0 8 3] fcfc, [212 4 (a) ^fcB|2 6 ( c ) 

[0 0 8 4] KloKSTIi, 'MK»fHffllc:H1-*«ft 
iot**WS:R!BLfe^ flBttBI (MEG) ftf#5JIS 

[0 0 8 5] B2 7l«IDBt»fttf»-f-&nBt»t|-ni/^ 



*S3, ($4 1) - ($4 4) tClJH^T 1 0 <!r LT, ffl 

'C?BlftjBISo»*i:-t"i«P»wtt, 'L^siRttLfc 
^Q, R, S<o#«o«**tft#*.5«rjSti:5 a 5E 
fc, ($4 1) - ($4 4) ^M^T t 0 4: «$ 
O t 0 ft<t 9*»fcafto«(Z5K|T^, ^PiDSft^tffD 
Xttjt, Jt**A5*^**fcfT4v\ rtjf, ^MfldJ: 
D«»Jt»*sWD«^j«fctt-S:««»Hft#«)T, 

±ia-euwufc ($4) , ($34) ftfflv^5*j£ 

[0 0 7 9] «**ifefcJ:9«femriE»B x fta*U-C» 

W*-C<OlWK»ifcHft, H24 (a) , (b) , (c) 
^1"o B24 (a) , (b), (c) (d^V^T, jjKjR 
»!ftv^£^ftBHft<7>«at»«Bgft^b« 

^f^]^TLTt^ 0 D24 (a) N 
(b) , (c) ^^T^^gj^fi, 

5«sfEasft ioifi*ufc«F^«at^-f*— /wffisft 

(a) \Z7fki~Jz o Q&<Dm&fc\ti^irZf$&T'fc. 
i>&#f&X'£TJjfi\\znWLAmiri* m\2 4 (b) izm-t 
£o\z^ RRoatt^Hi^-fs^jft-eji^ fc^frT* 

»*T*lPl^«flt*s^ : ^<gtns. 4fc, 1212 4 (c) 

[0080] ±ffiA#xo^i»^e>*i-5a4i^»»j* 

#B X , ByftiPiJ^b, QzS % R^, Sfi^#Sttd s U9 
-*"*»£fc»V*-C\ ttMA^ft ($4 1) , ($4 2) 
»w*^V^T-frj«bfc»aHHIiaft, 132 5 (a) % 

(b) , (c) \z^-r 0 

[0 0 8 1] (212 5 (a) — yti2 4 (a) <73 
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id*. ftoUk&tivmMitmvi-cfrzfrtb, squid 

8^1 0 3- 1, 1 0 3-2, -, 1 0 3- N«rrtI 

■tz>mn&rmm7 ! =L 7102 <omM<om^^-nk lt 

5195 1 0 0£g5£5t;:-f3o SQUID1M103 
-1, 1 0 3-2,-, 1 0 3-NHJHSMHHffl^a!7 
1 0 2OTP*9<BS(75ffi}c:»oTSc«-tt»CE«$iX, #SQU 
I DBSjfcStO&SSBB (^»ffaOffi) l±^®co«^S{r 
(SIs^fT k /«£ -5 <t 5 l-Efi £ *iT^ 3. tf.L^s® 
SOJffifflroiSBf ■*>.£?£— Si" -5 i 9 KJiSgBSr^tffiJtL 

Si^filOcrai Lfc 0 PSBK-ajfflxa. !7 102Ort 
a5iw|±^HM->-yU K&W 1 0 4 ftffiffiftffl/B 
X=.!7<7XhgBttJM£l 0 5^«fc •J*E3$n-CV>5 0 SQ 
U I DSS^ft 10 3 — 1, 1 0 3 -Ntr X U^ttS^ 
titzis %rMs fil 0 6 - 1 , 106-NSriILT 

[ 0 0 8 6 J E) 2 8 illU 2 7 {C*-f flg^ff «h>:x-r A 
\z ± K> f +« pT H ft i: <o B8« Srlft W i" 5 S T- 

S (0, t) 

= /" { (5 B r ( t) /d 9) 2+ (3 

m29 ( a ) iz^-t^mmmma^ mft\z&&irz>w, 

t^PPIwi fJ^LTfiJaT^LrvSo 02 9 (a) 

9 (a) \Z^1rmf&f&ftB r <Di$W.Wr&f&mX'fe&m?£. 

L T v> fc Sift 25 ( a # £ T-^-f-mofi *V 

AK i29 (b) »r*-f-#«#ftifcB|-ei4t*-^ffi|tA 

— TfcS. 

[0088] M±vLWLiz&&m\z£z&m<Djjm\z£. 

L = 2 { <V B (x, y) > -G ( [ 
L*»U (14 6) l:lo*<^fl±, «»0>j£v*«!|j£ 

QMbmocnvmikfti:. (14) , (134) . x« 

(14 4) »wS-J<«jtas»|jngKi*»t5f_^ ffi j tS: y 

»=«lJB*#*:#*.WflH«L*r*<ci»rj:9. B£»K 
(14) . (13 4) , Xtt (144) IC«^5<4>BS 



hz>, mn<D±j3\ztkftmz&m<D&&<oi^o' ee 

14, O&m&k-rZmmM (r, 0, |;M(t5r* 
fa<DffcftB r (&mi&ft) X~hZ>, ID2 8 fr&^T, ^ 

i UtfjSKtjWiljlt^i. H 2 7 JIB«»W- 
SSV^T^Afci 9te^^B r ^aiL, «*(*]&&-£ 

tt/1^^1 0 0ms e c '&\Zft,^1r k tt 

5B*jS-C<7><Sta»*i»HS:*4t>5 0 02 9 (a) , 

(b) i±, m2 7 iz^-t-mmmftffli/x : rJ>.iz£<o'&t> 
ft&^mm&mm<D-&i&tjki-mx'h<9 , 12129 ( a ) 

9 (b) HWTJ-^-f-*%HJ<7? (14 5) SrttfflbT^. 
^^5^^*^(H (lffi«mf-*^ixfc«6l2|(7D*n< , /is 

i". ) Sr^-r. 

[0 0 8 7] 

B r ( t) 2) ... (14 5) 

*M<c7/u^!iXi,ii 1 mmmk ttf- & -5^1*20 

f+Sy.« (x, y) T-<Dm#Srff^i-5 0 fHf$ixfc«S 

<b c ( x , y ) ) kmmmvmm (v, u, y > > 

(m=l, 2, M :Mte3zM£ixZmm<0&ffl&<D 

mm k<Dmxm£Hz#.<D mi 7) iz^i-mmr^ 

SrffSL, G-mMy* #—si'<D®.m:mm&£ik£-&X* 
•SttHSL /WI^«)f:**TVK . (14 6) 
lc£*^T, Gfi^l, <n s > ttfelUXMcz^iSio^flr 
•^^ Y^Xh <0 . jD^fE-§-2i±, m=l, 2, MS- 

[0 0 8 9] 

<B e (x, y) > ] ■ iO } * 

••• (14 6) 

[0 0 9 0] t¥oT, a*ft»«)J:5^KtT«SIS6«J»wW 
[00 9 1 ] /.Sfc, W±<75|ftBJ|-M^T^ Ufc^S 
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[0 0 9 2] 

»-*»tSB ar ^*-5<«WB»|»Bin«Hr, «8E«<0B: 
[01] #3&5BK:in*T, 'i>«»o*iSr % ftGRBspffi* 

[02] *38wkjsh*-c\ ftiis^ffi^fr^rtasfcifffti- 

IE] 3] ^^i^T, MPfi5pffi«flco±T*c0B x S 

[0 4] *«9!fcjSnvt\ - 5B Z (x, 0) /d*(D 

[H5] **W^»V^T, B xv 5B 2 /3x^nf}l 

[i6] *f^«V^ x a = (VK) /K 4 {-d 
B z (x. 0) /5x(D^i3S) / { Bx (x, 0) <D% 
1*} , ("5B Z (x, 0) /dx<Djg2gt} / {B x 

(x, o) (om 2 m) o*^^wtsMtft«»c l0 , 

C u , C 12 Sr^:-r(Klo 

[0 7] *«K^ISlSSixSi«»fta*?T* 5**81 

[0 9] **M^II*Slx5.L>K»fhaS:tf*5**» 
[010] **M**lfc*lx5.£ f Bt»«-afrfT4 5** 

[0ii] *&mtmiik£tiz&Bkmttm*ftft5&it 

[012] *««o«6«fc»v^T, 



[013] **^(^3lt£W^»v^T. »«#^ov>xtf 
»Sixfc»*0 2^+^yu^Hi-«*j»jji5> (b x ) 
OB#rattfl?§r*1-E) 0 

[014] *&w<Dmis&m\zte\,^x, mm<Dmmj&#B 

[015] **PJtf)Hl£Wld»^T, «^#<75^«tt^ 

[016] *«fl^lt«l:»^t, ««#^^«Stt^ 
[017] **9§o3Hfc0yic»^-c, 

[018] 01 7 ^*-T^«^0^^0 1 5 IZ^i-^Sf 
[019] *«W«!>*lfc«lw»^T, '^ffiSl^gt^ 

[020] **woia6wjc»v^T, t««i^it<D 
'C.«tt«oTtt^aa-fs*m»^»v^-c*ajsttfc2 

[02 1] i 2 0 l-Tt^i^?)i| 1 9 I^Tt*8 
*>EI«:*L§|v*fcia. 

[022] *%w&mi&£h,Z'bmmi+m&ff 

[02 3] **W©**»t§«-»SjJ10^-X7 r U'-f fc* 

[02 4] tt***»cJ:9te||u*^B B S:»ftLl:# 

fc, i«0 (MCG) <73Q&, Stt^ftt^ffia 

[025] *«w^iijfi«fc»v^-c-tix-en, ^«^e> 

^aWOSIfc^B,. B y £:ffl!feU Qtt. Rtt, Stt 

[02 6] *^co|gffiWwJH^T, 02 4 1:^ q 
tt. Rtt, ss^tt^aist^^wsjiB^f 
««*0^-*&^ft^;hjB^-c\ (»4 3) , (as 4 
4) ^s<5i^r**fc, ^m^v<Dmmm^m^-r 
0 O 

[02 7] *«WOSaft«»d»V^T, ««»*»ffli-5 

[02 8] 0 2 7K*i-JH»»fh«->^yA|cJ:Dtfli 
[02 9] H2 TK^i-BWfl-a^^A^JiOWfe 
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5-i»Mjf&3Sa, 6-FF LESS, 7—7 

-oi^-bbs, 8-wta % io, io' , io 1 ' -it 
ai^/K li, lr , ir-#s.3>f^ i2. 

12', 12" -SQUID, 13-x»/8ii 
ir>^, l 4--y^^aifflK*ir>^, 2 0-1, 2 
0-2,-, 20-8, 2 1 - 1 , ~, 21-8, 22 



- 1 . ~, 22-8, 23-2, — , 23-8, 2 4- 
1 , ~> 24-8, 25-1, — , 25-8, 2 6- 
K 2 6-8, 2 7- 1, - 2 7-8-B»t> 
f\ 3 1 0 3- 1, 1 0 3-2, 103 

-N-SQUIDSM, lOO-IS, 102 - mU 
Vrltomy**.?* 1 0 4-JB««->— /uKSBtt, 10 5- 
±«, 106-1, -, 1 0 6 ~N-fs-S-j»o 
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lMPm&] J[SlgBM»2E# 

[3§fT B ] 11* (1 9 9 9) 9^140 

[4*BI##] WMSFl 0 — 3 0 5 0 1 9 
[^PiB] MlO* (19'9 8) 11A17B 
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imms] ¥^io*i 1^270 

[#l*»jE2] • 

zy£&mm&m±i>M±±mm± lsslu-ldj tnh 

l 27 18] j: «tSS2 jrrfeift t/» 3 ^rfeil'^tt 5MfP.^ 
£fflE2S& bars* a am £ frfffr ? 
[if** 2 ] If*ij l £jy^£gg&aatI[llg£Mj^ 

[«** 3 j it ** i \z^ m^smmsmMmiLMn 



[if** 5] ^^^^gK^Bag^ix. tfrfp.^to^^-j- 
s^feaift frfttB^-a*^^*?- (squid) a>k 

&JL tfl«P. 4-flc«»g>HfiaPAft:g)iiiitrWT/ja[i . «2 

Maiaa^ ban***- **> s»* ^ tea 2 »* 

[if** e] if** 5 \zmffi<n*m&mi*m\mmizmi^ 
[if** 7 ] if** 5 K:ffitt<p&flra»fHMsfeflFK:ftH* 

[if** s ] gf** 5 te&M<D#.&mi*in-m&mzte\, - 
[if** 9 ] ±&mmzm^tj:mfrm.&mMcDx. vw- 
&MMt£ikm±IiMzi±mm± (sou in) frtj^ 

9. ffli?^^ffi^^B-/fg^f#.^R. ( x , v ) ^ 

^{a^*fe^?a^j&g^s-> , Mnaw<p« bws»feji: 
mt-rz*tta mnm&m. 

[if** 1 0 ] I8*rj 9 K:g?.<B<p£(«ttaHH- jM8S»tr» 
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£. ±m$fflm*m<trt b<Dm?miM ! m<Di®». m?M 
immmcomMmnmrn y -tz 

-r^^Mm m^ia-t^m^^m^- (squid) a> 
^mm^^m-t^mcD mmvt . afrgp.g; i ^ y 

[If 1 2 ] £&cofl.ast::i3»;*Jx. afris^fe^^^ 
j-3£fre^£tea^-*>^R-$3f^- (squid) a> 

^•t-5m2^[ei^r>-m3^r6i^^(taatrfBmi rfeico 

1 3 j ^^kMi^sa^iL mm^mihrn 

±££&m££Mm££m± ±]£m± (sou 1 n) ^ 

m&m^tr^ia-t^m<DE&m^y. m&.&i^ttny 
^x-r^m2^[Si^r>-m3 ^ [ fei(c^tt^ftfris^i ^-fpico 
figjtESt^^K^ 2 m%a(D¥-am *-a<ft zmm *?rte 

x , mztk &<D.tm<D.i->-mtfii%/7>ffi u r^mm y. tftgp.<r> 
z>$iwmm*fe\tiirzm^wm+ (squid) 

iL*L tfrfP.^ fe^coz^raiBfr/^R. ( x . v) »»m 

-t^^KDm^y. tftt p, z j7fPiBfe4>R i ( x . v) ^ 

B...= f (x. v) Xdx) 8 + QB . (x. 

v) v) ») 



5£ft6fctl^&a^*a^EE;it^- (SQUID) ^ 
/J 9. fflffAtt:ffi»(0 7.^riairf.^R l (v y) »»m 

i-a«»g3«arw-A-. ftftta z arianafrB, ( x . v ) a> 
^_ 

B...= f O B T f>. v) /a xj 2+ (3 B t (x. 
v) /B v) «) 

±^£i£M&£Mffi±IA££j£M3: (squid) a> 
i-5^tf«»8rj»iBi-a*^T»*^ (squid) a> 

i^j:, ttlfB-^^:(7?.L>5tlg|c^QR s?fecoami--£ > B#F a 1^^ 

j: s BH g t mi^mmcp r & <o man- s SB g ^ n a 

[if*rS2 1 ] ^^^RtcBgB^ix, itia^^a 
-f5£«m» frttM-^a»Hf-^»3ire- (SQUID) 7>> 

bi^JL *>HB^fr«»»»m-j- stir»g?a»iH-^. flats 



(26) 
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[fibril] $Lft<DftMiz&W£ix, mtl$Lfcfrh%-t 

z&frMmztkm-rzmf-T&m* (squid) 
i ftfa t 2 jjfaRxfm 3 jjfinzt£rt sfttjtem 

[it j it i ^mm^^mmwmm^^ 

5^*®4iSr^tti-rs*^#»^ (SQU I D) 

ft 9, ftftffi£tt«»OffiE£#©ffiK:s]Zff fc» i . fg2 

Miasm. m2^^\<K>mm^<D2fmn(ow-^mzitm 

7 ] If #if 5 KE*tW£fl:flS»H-a!l3gBfc:R^ 
flfjE/?r/t w« R8 T-ff * v ^EatfMtSr^S^* 
Si4fctt«wf*r4x*»S:**!>6»il*ff ft oZt Sr»«t 
[If 8 ] If 5 fcEtt<D£(fr«»fHBJ£B»;:;6H n 



[If*il9 ] ±W&m\z.¥Jritem*W&mm<nx., yW- 

^{S^Sr^ffi-f-SiT-^^^- (SQUID) A>C,ft 
9, l!frE£<$^ffi»=gii:ftB*i§j&»-B t (x, y) 
ffii"5*»«>a*tFi:. WIS»»j*»B, (x, y) (r 

X-^^T. xlfrlSKProftfifrftB, (x. v) »r/v?n6l 

<p«»riK>B. (x. v) »#»-j-a »«[«ig^E»a- , 
jjftEx^farogjijlfiE-a-B, (x. v) &tfljfffEv;frifei(£> 
g&^efe / 7»B I (x. v) ^^ib^fefcffi^g3B#.fer-ro^ Ba 

, (x. v) SJaEEa^iiB., (x, v ) cDx;frrfrT-<7) 

^ibM^j^ MEv;frlft<P«»fifrftB . (x. v) frftfr 
Eggjgfifc-ft-B^ (x, v) <Pv:frlftT<PgHb3ga>C>tiE^ 

L. i5|g x asLS^ilii^^Mffi v -ftfax-<n®iV.m<r> 2 

1 1 J g|£] Q££Mto£g&g$jjMMM£ 
fitofa-c:-^. it. «fti»fr^»paa-frttjfrpffiixa»** 

-r-s^^m^sr^tti-rssT-T^^ (squid) a> 

» 1 2fr*] t3SX-f-SS2^(S]SU : ^3*[6]lr^lt-5ttJE 

z> mnmmm t ± & & a »»: ^ , aftg?iit^ H#m^-f k » 3? 
m.m<ommm ^m(omx(D. it. gaE^jM^fca 

i-S^fr«®Sr^ttii-5S^^^ (squid) 
*l*|6li:^X-i-5*2*iai J RtJ«SS3*|6]»=ttlt5«FlB 

m 1 ^fa(om.mj&ft<o&ikm<n2mQ(D¥-Ji mzi£m-+ 
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*>3«»fr? T4v\ fflLffiS^m flMaaK>flr<ptti, 

x, y^pffi, BtifE*^ffi(wSa:/ I e^-f6]^ji:^M^<73 z 

5*{WW»«r*HJ-#-5»^-T**-T- (SQUID) ;j»f> 
45. MK£frW»tf>z3ri6ij«#B l (x. y) Srftffi 

jflEzM^B, (x, y) ri> 

b. 

B„= { (?B : (x, y) /3x) 2+ (SB, (x, 
y) /a y) 2 ) 

<o w-jjmz ttm-f 5 tt a b»m«w. * * *> a a- . aaia 

x, y^pffi, Wf2*flt^ffi^SiE4^rr&]S:iE3SM^tOz 
*±*»»«r*ffii-4*-T-T»3ll^- (SQUID) 



4t>, tfriE£ftt8»0>z2na]j*#B I (x. y ) ^^ai 
atrfez^^B, u, y > a> 

b. 

B„= ( (5B t (x, y) /dx) 2 + (3B ! (x, 
y ) / d y ) 2 ) 

ffiofrmaw » 3f <p mm x-mft ianHt * **> a 
^ari»|gq» »ig»oii;(ft^j:oTft^ttfrL-c3*Tr. 

[»** i 6 ] £ttco^au-izagn. afifB^a^s* 

±££&ma£&&±£A£BM± (squid) a> 
b. (x. v) matMawiiHL asiB^g 

jB^ Wr4«f»p)t^B . SrOTEj5fe«fia^B T fx. v) g 

, (x. v) (Pvfria<p#frga»Mfefr^5 

i-i^frfltWSrttaii-SiT-T**^- (SQUID) a» 
2 o<P%^jKa- frte;r-t-5raff&g^E5'K Hftg?.2o<^> 

So 



